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(§) Method of manufacturing a multilayer wiring board. 

@ A method is provided for manufacturing a multilayer wiring board comprising intertayer connection 
between a first electric circuit pattern and a second electric circuit pattern, both electric circuit patterns 
being formed on a substrate, the method being characterised by the steps of : 
applying a first metal layer onto the substrate and a second metal layer onto the first metal layer ; 
selectively etching the second metal layer to partially expose regions of the first metal layer not required 
to form the first electric circuit pattern ; 

etching the exposed regions of the first metal layer to expose corresponding regions of the substrate 
and to form the first electric circuit pattern ; 

etching the second metal layer so that the remaining second metal layer forms a via bump, the via bump 
being located in a position where the interlayer connection is required ; 

applying an insulation layer to cover the first electric circuit pattern while leaving one end of the via 
bump exposed ; and 

applying a third metal layer onto the insulation layer and the exposed end of the via bump, and etching 
the third metal layer to form the second electric circuit pattern, the via bump thereby providing 
interlayer connection between the first and second electric circuit patterns. 

The above method makes it possible to increase the electric circuit forming density in interlayer 
connections of multilayer wiring boards by producing via bumps of smaller diameter than previously 
achievable, and also allows the number of manufacturing steps to be reduced. 
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This invention relates to a method of manufactur- 
ing a multilayer wiring board and especially to a 
method for forming interlayer connection in multilayer 
wiring boards. This method is useful in many areas of 
wiring board manufacture and is particularly useful 5 
for manufacturing multilayer printed circuit boards for 
use in computers that require high-density packaging. 

Prior art techniques for forming interlayer connec- 
tions for thin-film multilayer wiring on an organic sub- 
strate consisting of materials such as ceramic include 10 
the insulation-layer etching method and the plating 
pillar method. Figure 4 shows the steps involved in the 
insulation-layer etching method. In this method a con- 
ductor 1 1 is formed on a substrate 10 having an insu- 
lation layer. Then, photoresist 12 is blanket-applied 15 
onto the conductor 11, which is selectively exposed 
and developed. Next the conductor 11 is selectively 
etched to form lower-layer wiring 13 on desired loca- 
tions, and remaining photoresist is removed. An insu- 
lation layer 14 consisting of photosensitive resin is 20 
then deposited on the formed lower-layer wiring 13 
and vias 1 5 are formed by a dry or wet etching method 
to selectively expose the lower-layer wiring 13. Then, 
upper-layer wiring 1 6 is deposited on the vias 15 and 
the exposed lower-layer wiring 1 3 using a film forming 25 
technique such as electroless plating, deposition, and 
sputtering. Multilayer wiring is formed oil the organic 
substrate through repeated formation of the insulation 
and the wiring layers. 

PUPA (Published Unexamined Patent Appli- 30 
cation) No. 51-118390 describes a predetermined 
multilayer wiring structure that is formed by forming a 
polyimide resin film on a printed circuit board on which 
A1 wiring conductors are formed, and then forming an 
organic A1 -compound layer on the surface of the 35 
polyimide resin film. Next parts of the organic A1 -com- 
pound layer are selectively removed from the 
polyimide resin film so as to form through-holes the- 
rein, and a second conductor layer of A1 is formed in 
the through-holes. 40 

PUPA No. 58-93298 describes a lower-layer wir- 
ing pattern that is produced by forming a wiring con- 
ductor layer on a substrate, and then forming a resist 
layer thereon. Next the resist layer is partly removed 
to form through-holes and an interlayer insulation film 45 
constituting multilayer wiring is formed by using a po- 
lyimide-based resin. A resist film is then formed on the 
insulation layer, connecting through-holes are formed 
by partly removing the resist film, the insulation layer 
is baked and upper-layer wiring is formed on the so 
resulting insulation layer. PUPA No. 60-180197 des- 
cribes multilayer wiring patterns that are produced by 
forming a primary layer wiring pattern on an insulation 
substrate, forming a photopolymer film on the primary 
layer, and exposing, photo-setting and developing the ss 
photopolymer film to form a photo-set film with via 
holes at predetermined positions. Then, secondary 
layer wiring patterns are formed on the photo-set film 



of the photopolymer and on the via hole portions, and 
said photopolymer-film forming processes and wiring 
pattern forming processes are repeated in turn there- 
after. 

In PUPA No. 61-121393 and PUPA No. 61- 
127196, a method is described which uses the above 
insulation layer etching method to form wiring pat- 
terns of materials such as copper or chromium on an 
insulation layer surface through plating, sputtering, or 
evaporation, and, at the same time, makes the via 
hole portions conductive in order to electrically con- 
nect with a lower-layer conductor pattern. 

Figure 5 shows the steps involved in the plating 
pillar method. In this method, lower-layer wiring 103 
is deposited on a substrate 101 blanket-coated with 
polyimide resin using film forming techniques such as 
sputtering. A bonding layer such as chromium is 
placed between the lower-layer wiring 103 and the 
substrate 101 . Then photosensitive resist 104 is blan- 
ket-coated on the lower-layer 103, and selectively 
removed after pattern exposure and development to 
form a resist hole 105. A plating pillar 106 is formed 
in the resist hole 105 by, for example, electroplating, 
and then the resist 104 is removed by, for example, 
solvent The lower-layer and plating pillar are then 
coated with polyimide 107 whose surface is smoothed 
by polishing to expose the head of the plating pillar 
106, so as to enable upper-layer wiring 108 to be for- 
med on it using a film forming technique such as sput- 
tering. Multilayer wiring is formed by repeating the 
above processes. 

PUPA No. 61-90496 describes a process in which 
a plating pillar is formed in a through-hole by firstly 
depositing a metal foil for conductor circuits on an 
insulation substrate and forming lower-layer wiring by 
photoresist application, pattern exposure, develop- 
ment, plating, resist removal, and etching. Then a 
polyimide film is formed on the lower-layer wiring and 
a through-hole is formed with a mechanical drill or 
laser beam at the portion to be made conductive. Next 
the plating pillar is formed by locally supplying plating 
solution and a laser beam. 

PUPA No. 63-43396 describes a process in which 
multilayer wiring is produced by forming a lower layer 
of wiring on the entire surface of a multilayer wiring 
alumina substrate, and press-fitting a positive-type 
dry film before obtaining resist patterns by exposure 
and development. Next a plating pillar is produced in 
the formed via holes by electroplating, and the plated 
resist pattern is removed with solvent. The surface of 
the insulation layer is polished to expose the head of 
the plating column and then coated with an insulation 
layer. Via holes with a required diameter are formed 
in the insulation layer, copper is sputtered inside the 
via holes and on the surface of the insulation layer, 
and necessary circuit patterns are formed by etching. 

PUPA No. 63-244797 describes a process in 
which necessary wiring is formed by laminating a 
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positive-type dry film onto an alumina substrate (with 
lower-layer wiring patterns formed thereon) to make 
resist patterns. Resist holes are formed by exposure 
and development and then the resist holes are plated 
with copper sulphate to form a plating pillar, before 
removing the remaining resist with acetone. The pillar 
is then coated with a pofyimide insulation layer, the 
surface of the insulation layer is polished to expose 
the head of the plating pilar, and a copper layer is for- 
med on the surface of the insulation layer and the 
head of the plating pillar. 

PUPA No. 61-179598 describes a process in 
which wiring is produced by forming photoresist pat- 
terns on the surface of copper wiring patterns (formed 
on a ceramic substrate as lower-layer wiring) by an 
ordinary photolithography technique, and depositing 
a plating pillar by electroplating on the surface of the 
lower wiring layer exposed through photoresist holes. 
Then a polyimide resin is applied to the entire exp- 
osed surface of the plating pillar and substrate, and a 
predetermined pressure is applied to the lower-layer 
surface in the direction of the substrate in order to 
make the surface flat Next an upper wiring layer is 
deposited at predetermined positions on the surface 
of the insulation layer. 

PUPA No. 62-263645 describes a process in 
which predetermined patterns are formed on a sub- 
strate by etching chromium and copper layers that 
have been blanket-applied in turn on a substrate. 
Then a positive photoresist is blanket-applied onto the 
copper layer and the resist is exposed and developed 
to form an opening (via hole). The positive photoresist 
is silicated, a plating pillar is formed in the opening by 
dipping the opening in a molten-solder bath, the sili- 
cated resist remaining as a solder barrier, and upper- 
layer wiring is connected to the pilar. 

PUPA No. 50-2059 describes a process in which 
an insulation substrate made of, for example, ceramic 
is covered with a copper layer as lower-layer wiring, 
photoresist is then deposited on the copper layer, and 
the photoresist is exposed and developed to form a 
resist hole. A conductive material (plating pillar) such 
ma copper is deposited in the hole by electroplating, 
the residua! photoresist is then removed and an 
insulating material such as epoxy resin is deposited. 
Next a copper layer is electrdess-plated on the con- 
ductive and insulating materials to effect interiayer 
connection. 

According to the above-mentioned insulation 
layer etching methods, the via diameter is limited to 
the minimum value that allows plating to take place, 
since the via formed by etching is required to be made 
conductive through plating. In addition, to electrically 
connect lower-layer wiring with upper-layer wiring, it 
is necessary to provide a land on the electric circuit at 
the bottom of the via. Since the land must be accu- 
rately aligned with the via, the electric-circuit forming 
density cannot be increased because the via diameter 



would have to be decreased accordingly (beyond its 
minimum value). 

Furthermore, when a via is formed In an insulation 
layer by wet etching, the taper angle of the hole wall 
5 increases and refining becomes difficult because the 
insulation layer is etched while old etching solution is 
being replaced with new solution. Moreover, discon- 
nection may occur between the lower-layer wiring and 
the upper-layer wiring if the resist is not completely 
removed from the lower-layer wiring. Therefore, per- 
fect etching cannot always be expected. When the 
inside of the via is coated, the device reliability is deg- 
raded unless a uniform plating layer is formed on the 
side wall and the bottom. 

On the other hand, when a via is formed in an 
insulation layer by dry etching, an organic substrate 
is not desirable because gas is produced, and a 
ceramic, silicone, or glass substrate is impracticable 
because etching takes a longer time unless the metal 
layer thickness is thin. 

The above-mentioned plating pillar method has 
the disadvantage that extra processes are needed 
because photoresist is applied to or removed from an 
insulation layer solely to form a via bump (plating pil- 
lar). 

An object of the invention is to attain interiayer 
connection of multilayer boards while increasing the 
electric-circuit forming density by greatly reducing the 
via diameter. 

Another object of the invention is to decrease the 
number of manufacturing processes by using the 
same positive photoresist used to form the lower- 
layer electric circuit to also form the via bump, hence 
omitting the need for an extra photoresist applying 
process which is used in the prior art to form the via 
bump. 

Still another object of the invention is to eliminate 
the land from the electric circuit on the bottom of the 

via. 

In this invention, at least two different types of 
metal layers are formed on a substrate through lami- 
nation or plating, onto which photoresist is applied. 
The photoresist is then exposed, developed, and 
removed to form patterns, and a lower-layer electric 
circuit is formed on the substrate by etching along the 
patterns a number of times equal to the number of 
metal layers. Then the residual photoresist, except for 
the photoresist on the metal layers to be left as a via 
bump, is exposed, developed, and removed. Next the 
metal layers to be left as the electric circuit are etched 
along the formed resist patterns so that the metal 
layers to become the via bump remain. In this way a 
via bump is formed on the electric circuit which con- 
sists of metal layers that have not been etched. Since 
this invention, unlike the existing insulation layer etch- 
ing method and the plating pillar method, uses a form- 
ing method in which the metal to become a via bump 
is etched to the desired size, the via diameter can be 
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reduced until the metal to become the via bump 
almost disappears through etching. Moreover, since 
the metal layer to become the via bump is laminate.d 
on the metal layer to become an electric circuit, it is 
not necessary to provide a land on the electric circuit 5 
at the bottom of the via as in the insulation layer etch- 
ing method. The present invention also allows the 
positive resist that remained after forming the lower- 
layer electric circuit to be used for forming the via 
bump, hence reducing the number of steps required. 10 

The present invention will be described further, by 
way of example only, with reference to an embodi- 
ment thereof as illustrated in the accompanying draw- 
ings, in which: 

Figure 1 (a) through 0) shows the steps neces- 15 
sary to produce a multilayer wiring board according to 
the preferred embodiment of the present invention. 

Figure 2 (a) through (j) are plan views corre- 
sponding to Figure 1 (a) through (j) respectively. 

Figure 3 shows a via bump as formed in another 20 
preferred embodiment 

Figure 4 shows the steps involved in the conven- 
tional insulation-layer etching method. 

Figure 5 shows the steps involved in the conven- 
tional plating pillar method. 25 

As shown in Figure 1 (a), a 10^m chromium blan- 
ket metal layer 2 and a 30fim copper blanket metal 
layer 3 are deposited on an organic substrate 1 by 
using known film forming techniques such as the 
evaporation, sputtering, and electroiess-plating 30 
methods. Then, positive resist 4 is applied on the 
chromium layer 2 and the copper layer 3. Any of the 
easily-available photoresists such as AZ1350J 
(SHIPURE), TNS (IBM), and PMER-P 
(TOKYOOHKA) can be used. Application is usually 35 
made with a brush, a spin coating method, or by dip- 
ping. 

Then, the positive photoresist 4 is exposed and 
developed through a mask (not shown), the wiring 
pattern portion of the mask being opaque and portions 40 
other than the wiring pattern portion being transpa- 
rent As shown in Figure 1 (b) and Figure 2 (b), areas 
other than the resist area corresponding to the are.a 
where the lower-layer wiring portion is formed are 
removed and the copper layer 3 is partially exposed. 45 

As shown in Figure 1 (c) and Figure 2 (c), the cop- 
per layer 3 is etched with any suitable etching solu- 
tion. This is wet etching in which an object is dipped, 
for example, in 50°C cupric chloride for about 1 50 sec. 
Then, the chromium layer 2 which is exposed by etch- so 
ing of the copper layer 3 is etched with any suitable 
chromium etching agent This is wet etching in which 
an object is dipped, for example, in a 20°C mixed sol- 
ution of three parts of concentrated hydrochloric acid 
and seven parts of water for 5 min. As a result, the sur- 55 
face of the substrate 1 is locally exposed as shown in 
Figure 1 (d) and Figure 2 (d). 

For a substrate consisting of ceramic, silicone, or 



glass, a dry etching process may be applied, using a 
conventional gas such as Ar or CF4 suitable for the 
material to be etched, instead of the wet etching pro- 
cess discussed above. 

The positive photoresist remaining after the 
above process is exposed through a mask (not 
shown), the via bump portion of the mask being opa- 
que and portions other than the via bump portion 
being transparent, and is developed by a solution con- 
taining an oxidizing agent such as alkaline solution, 
nitric acid, sulphuric acid, and aqueous hydrogen 
peroxide. Thus, as shown in Figure 1 (e) and Figure 
2 (e), areas other than the resist corresponding to the 
area where the via bump is to be formed are removed 
and the surface of the copper layer 3 is partially exp- 
osed. Then, as shown in Figure 1 (f) and Figure 2 (f), 
the copper layer 3 is etched by using a suitable etch- 
ing agent This is wet etching in which an object is dip- 
ped, for example, in etching solution consisting of 
cupric chloride. When the copper layer 3 is thus 
etched, the surface of the chromium layer 2 is partially 
exposed and, at the same time, the via bump 5 is for- 
med under the residual resist 

Then the residual resist is removed to complete 
the formation of the via bump 5 and the lower-layer 
electric circuit 6, as shown in Figure 1 (g) and Figure 
2 (g). The bump diameter (via diameter) can be 
reduced to about 0.015 mm by this invention, while 
the conventional via diameter can only be reduced to 
about 0.1 mm. Figure 1 (h) and Figure 2 (h) show a 
step in which organic insulating resin, such as epoxy 
resin, polyimide resin or acrylic resin, is blanket-ap- 
plied, dried and set on the organic substrate 1 , the via 
bump 5, and the loweNayer electric circuit 6 to cover 
their surfaces. Then, the surface of the organic 
insulating resin 7 is polished by a belt sander (a rotary 
polishing machine with sandpaper in the form of a 
belt) or a brush polishing machine (a polishing 
machine with an abrasive brush) to expose the head 
of the via bump 5 as shown in Figure 1 (i) and Figure 
2 (i). Then, the upper-layer electric circuit metal layer 
8 consisting of copper, etc. is formed on the surface 
of the organic insulating resin 7 and the via bump 5 
by a film forming method such as electroplating. For 
a thin metal layer formed on a substrate such as 
ceramic, silicone, or glass, the film can be produced 
by a film forming technique such as sputtering or 
evaporation. Thus, the lower-layer electric circuit 6 is 
electrically connected with the upper-layer electric cir- 
cuit through the via bump 5. Multilayer wiring can be 
formed by repeating the above process as required. 

Figure 3 shows another preferred embodiment in 
a state where a via bump has been formed. The lower- 
layer electric circuit 6 is connected with the upper- 
layer electric circuit 8 (not shown) through the via 
bump 5 by depositing the upper-layer electric circuit 
8 on the formed via bump 5. 

In this embodiment, said organic substrate 1 is 
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blanketed with a metal layer made of copper to 
become the lower-layer electric circuit 2, on which a 
tin layer 9 is blanket-coated to form a double-layer 
structure. The structure is further blanket-coated with 

8 copper layer to become the via bump 5. The tin layer 5 

9 serves as a mask so that the lower-layer electric cir- 
cuit metal layer 6 will not be etched when the via bump 
5 is formed. In this embodiment the type of the metal 
layer to be formed on the substrate and the number 

of metal layers used are different to those in the pre- 10 
vious embodiment However, the series of processes 
to form the via bump 5 is the same. Cupric chloride is 
used as the etching solution for the lower metal layer 
made of copper and for the copper layer 5 used to pro- 
duce the via bump 5, and a mixed solution of 15 
ammonium fluoride and aqueous hydrogen peroxide 
Is used as the etching solution for the tin layer 9. 

The preferred embodiment hereinbefore des- 
cribed makes it possible to increase the electric-circuit 
forming density in interlayer connections of multilayer 20 
boards by greatly reducing the minimum via diameter 
achievable with prior art techniques. It also permits 
the omission of the extra resist applying process 
required in the prior art to form the via bump, since the 
same positive photoresist used to form the lower-layer 25 
electric circuit can be used to form the via bump. Thus, 
the number of manufacturing processes can be 
reduced. 



Claims 

1. A method of manufacturing a multilayer wiring 
board comprising interlayer connection between 
a first electric circuit pattern and a second electric 
circuit pattern, both electric circuit patterns being 
formed on a substrate (1 ), said method character- 
ised by the steps of: 

applying a first metal layer (2) onto said 
substrate (1) and a second metal layer (3) onto 
said first metal layer (2); 

selectively etching said second metal layer 
(3) to partially expose regions of said first metal 
layer (2) not required to form said first electric cir- 
cuit pattern; 

etching the exposed regions of said first 
metal layer (2) to expose corresponding regions 
of said substrate (1 ) and to form said first electric 
circuit pattern; 

etching said second metal layer so that the 
remaining second metal layer forms a via bump 
(5), said via bump (5) being located in a position 
where said interlayer connection is required; 

applying an insulation layer (7) to cover 
sakJ first electric circuit pattern while leaving one 
end of said via bump (5) exposed; and 

applying a third metal layer (8) onto said 
insulation layer (7) and the exposed end of said 



via bump (5), and etching said third metal layer (8) 
to form said second electric circuit pattern, said 
via bump (5) thereby providing Interlayer connec- 
tion between said first and second electric circuit 
patterns. 

2. A method as claimed in Claim. 1 comprising the 
steps of: 

sequentially blanket coating said first (2) 
and second (3) metal layers onto said substrate; 

blanket coating a positive photoresist (4) 
onto the second metal layer (3); 

exposing and developing said photoresist 
(4) to remove some regions of said photoresist 
thus defining a first predetermined pattern; 

etching said second metal layer not coated 
with said photoresist (4) to partially expose said 
first metal layer (2), and further etching the exp- 
osed first metal layer to form said first electric cir- 
cuit pattern; 

exposing and developing the residual 
photoresist remaining after the exposure and 
development step to define a second predeter- 
mined pattern; 

etching the second metal layer (3) in 
accordance with said second predetermined pat- 
tern to form said via bump (5); 

removing all remaining photoresist from 
said second metal layer (3); 



6. A method as claimed in any preceding claim, 
wherein a passivation layer is deposited between 



30 blanket coating an organic insulation layer 

(7) to cover the etched first and second metal 
layers; 

flattening the surface of said organic insu- 
lation layer (7) to expose the surface of said via 
35 bump (5); and 

depositing said third metal layer (8) con- 
stituting said second electric circuit pattern on 
said organic insulation layer (7) and the exposed 
surfaces of said via bump (5). 

40 

3. A method as claimed in Claim 1 or Claim 2 whe- 
rein said second metal layer (3) is a copper layer, 
and etching of said copper layer is performed by 
wet etching using cupric chloride. 

45 

4. A method as claimed in Claim 1 or Claim 2, whe- 
rein said second metal layer (3) is a chromium 
layer, and etching of said chromium layer is per- 
formed by wet etching using a mixed solution of 

so concentrated hydrochloric acid and water. 

5. A method as claimed in any preceding claim, 
wherein the said first metal layer (2) is a copper 
layer, and etching of said copper layer is perfor- 

55 med by wet etching using cupric chloride. 
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said first (2) and second (3) metal layers to pre- 
vent said first metal layer (2) being etched during 
etching of said second metal layer (3). 

A method as claimed in Claim 6, wherein said 
passivation layer consists of tin, and etching of 
said passivation layer is performed by wet etching 
using a mixed solution of ammonium fluoride and 
aqueous hydrogen peroxide. 

A multilayer wiring board produced according to 
the method as claimed in any preceding claim. 
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